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Sunnary; 


Pour  teohnieal  notes  oonoerning  the  development  of  a  broad¬ 
band  omnidirectional  antenna,  with  aa  many  frequency  inde¬ 
pendent  electrioal  characteristics  as  possible,  have  been 
written  by  us  to-date. 


The  first  part  of  this  final  report  gives  a  review  of  the  oon- 
tente  of  earlier  reports. 

Part  two  ia  a  summary  of  oil  the  usable  measures  that  decrease 
the  frequency  dependence  of  the  radirtion  pattern  of  broad¬ 
band  radiators*  In  addition  to  the  already  mentioned  radia¬ 
tor  shapes  with  dielectric,  two  further  technically  important 
antenna  shapes  will  be  described  in  detail.  These  are: 

1 ,  a  50  ohm  radiator,  with  good  broad-band  matching,  having 
a  broad -band  diffused  radiation  pattern  which  resembles 
that  of  a  short  dipole  o'*er  a  large  frequency  range. 

2,  a  60  ohm  radiator  that  has  a  constant  horizontal  direction 
for  the  main  lobe  and  also  a  good  broad -band  matching. 


Part  three  describes  the  theoretical  advances.  The  shape  of  a 
broad-bano  radiator  is  not  critical  in  the  vicinity  of  its  ver¬ 
tex?  in  particular,  the  electrioal  characteristics  are  prac¬ 
tically  unchanged  when  a  cond acting  cone,  having  a  small  aper¬ 
ture  angle  and  infinite  length  is .set  on  top  of  the  radiator. 

Upon  taking  these  facts  into  consideration,  we  developed  a 
new  coordinate  system  for  the  60  ohm  epherioal  radiator  which 
has  the  advantage  over  the  preciously  used  system  that  the: 
values  and  remain  finite,  even  at  the  radiator  apex. 
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Sunnary: 


*  ^ 


Pour  technical  rioteo  concerning  the  development  of  a  broad¬ 
band  omnit! iractioncl  antenna,  with  as  many  frequency  inde¬ 
pendent  electrical  characteristics  as  possible,  have  been 
written  by  un  to-de  to „ 


The  first  part  of  this  fine.',  report  gives  a  review  of  the  con¬ 
tents  of  earlier  reports. 

Part  two  is  a  summary  of  all  the  usable  measures  that  decrease 
the  frequency  dependence  of  the  radiation  pattern  of  broad¬ 
band  radiators..  In  addition  to  the  already  mentioned  radia¬ 
tor  shapes  with  dielectric,  two  further  technically  important 
antenna  shapes  will  be  deccribed  in  detail.  These  are: 

1 ,  a  50  ohm  radiator,  with  good  broad-band  matching,  having 
a  broad-band  diffused  radiation  pattern  which  resembles 
that  of  a  3hoxt  dipole  o'*er  a  large  frequency  range. 

2,  a  60  ohm  radiator  that  has  a  constant  horizontal  direction 
for  the  main  lobe  and  also  a  good  broad -band  matching. 

Part  three  describes  the  theoretical  advances.  The  shape  of  a 
broad -band  radiator  i3  not  critical  in  the  vicinity  of  its  ver¬ 
tex;  in  particular,  the  electrical  characteristics  are  prac¬ 
tically  unchanged  when  a  conducting  cone,  having  a  small  aper¬ 
ture  angle  and  infinite  length  is. Bet.  on  top  of  the  radiator. 

Upon  taking  these  facts  into  consideration,  we  developed  a 
new  coordinate  system  for  the  60  ohm  spherical  radiator  which 
has  the  advantage  over  the  preciously  used  system  that  the: 
values  and  remain  finite,  even  at  the  radiator  apex. 
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•uhubhb  ASIX4. 


to  the  radiate:1,  as  oaluoulatad  in  the  .first  report,  definitely 
gives  broad-hand  matching.,  r-nvover,  small  variations  in  the 
transit 3  on  region,  from  tJmfc  of  tbs  idee.1  shape ,  already  give 
noticeable  mi snatching c  Therefore  thv  t/.cory  of  the  feeding 
zone  construct  .ion  la  confix  [.-.so .. 


The  measured  impedance*  curve,  e  of  six  6  ff  orent  an  tonrui  shapes 
give  infoxr  at  1  >n  about  ■  '  the  radiator  nlinpe  on 

the  input  tnoedanoe  i.f  the  c  atannaj  'U/c  the  previously  ana  ¬ 
lyzed  feeding  none  considers  1  aa  the  on? root  ore,  in  always 
referred  to  . 


The  matching  iuprovei.  no  :iu=  radiate/-’  ,.U  parte  mori  and  more 
form  itr  slim  chape,  and  r.)  preaches  a  sphere -like  cumitruotion.. 
All  bIx  anvennu  3hs;.orj  uouui  do  red  i  no  irate  high  pans  ;  harno- 
terlntica,  uhto  is:  tlic*.::  T’lsactcfci.ig  uecreaoes  as  t  »o  fre¬ 
quency  is  increased.  The  opi.ere-llke  radiator  jo  u;.i.i<"  r;  oorv- 
pletely  matched  above  a  loti  frequency  irito 


Technical  Mote.  -jOc,  p 

The  technical  applj  cation  or  one  bro'al  -’v»nd  radio.  •><•>•/  ,1  opened 
conoid crabi-  a.: .  n  whr  fci-.c  ;>  :  coutin  ,  Ly  exist  Ing  f-’uquei.- 
cy  dependence  of  th?  radiate  c  paster "i  *c  •«  be  1:ep c  suf  fxoient- 
ly  Br.i.i  Ll  iri  hho  lar  -.<•  f  rcq'n  u  ;  range  -..ore  inj-dn-uis  matching 
to  obtained  The  cof ore  ,  the  3 a’.! ace  of  iMs  iTp^uo  >  •;/  ■'open- 
donee  Till  a  d<’  ter  n:‘  rr-  >  u  -ct  r.qd  tfooi.  measure  ,.-n  car,  ;e  deriv¬ 
ed  wh.  I  3h  o'* n  control  thus  f:  eo nancy  dependence  , 

The  vaive  sopoyut ior  process  of  such  radiators,  and  's  iioially 
the  current  distribution  al/n  the  radiator.  will  bo  .osely 
analyzed  in  a  theoretical  naarv 

The  measured  j  ad  lotion  paruvrs  .’or  four  different  :•  a.;  -.at or 
shape e  loii.iv.  Tie  relai.  v'olv  on  ill  fr  ym;n.  y  ac  ooruieu 
of  the  clagir-r  i  i  -  ri’ie.o-.,  the  brord  -hand  inp-dsMO  oh  or- 

actei  i  sties..  .  L  1r;  ••sphi:  i  *  J  -.  :  t-v  -..a is  nj  th..  r-«  --lourly 

calculated  «  ;n  1  ;ut  <1 :  itr:-  -uit  Un, . 
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The  invo0tigi.ti.on  of  the  other  causes  for  frequenay  dependence 
gave  satisfactory  results,.  It  was  found  that  the  roain  cause 
of  frequency  he  .-oiajor.oe  «an  ramovod  v;lien  dielectric  rings 
were  inserted  about  the  feeding  son# TiUi  direction  of  the 
oain  lobe  >-.c> ■  ;  i; mains  constant  ever  .1  frequency  range  of  1  t  1% 
und  the  sice  I;,  0-1  arc  3. mu  11.. 


Technic.-;  1  -'rtc  .  .0 ...  4 

Our  invent  i.'- "ns  of  the  input  imped am- e  and  radiation  pattern 
of  broad -t«:nu  antennas  were  conducted  only  on  antennas  which 
xi ore  doo:l|">’ed  for  connection  to  a  60  ohm  coaxial  cable*  The 
result.  0  obtuir-ed  ere  cerl.-il.niy  no  go  nerd  that  they  v/illl  also 
yield  the  op1  -a  rod1  tor  shape  when  an  input  line  having  a 
different  charm-  tea  i.>:  1 1  impedance  la  used.  Hoto  JIo  •  4  de¬ 
scribes  t>  o  i.'-.r-,  0  nr  1  the  electrical  char  net  eristics,  of  a 
construe  ted  hr;  -3  ■here-  •  -  1  d troctlonal  antenna,  which  in  naf  'U 
••••  11  .  r..-  ’•  • -•  ■  •  u<;  -  iitn  coaviul  cable 

.'.-j  i--  -.■  1  .  ■>  -  '  t.  tv  'tn.tlon  »''ictr.r  baa  h  1  m- 

iic-  :  a  vi ward  a!'  m  n  i.  a 

;  !>  ...  '.  I  i  ,  ;  t  emu  a  5  air. Os-  Oiv.m )  C  l;o  by  . 

f*fi  ->  :,i  e  '•Jsfirac  tc  i  Irti-r  j  pedance  m;  the  input  line- 

The;  construct '.  -a  draw  in, ’.a  ubew  the  go--.;  i-jtrir-.nl  dimensions  v: 
tiK!  ,-  a  (I ::  at  •.■>:■  vu1  the  t  rare*4  t  ion  fr  -n  the  outer  conductor  of  the 
In  r.r.  J  ir.c  r-  <  n  v  unr.:  '  mo 


bar  r  j  ;  he-'..-  reused _ f  roc  no-:-  hepenclerice  of  tin;  iiaiilat  ion 

i-ai.l-i!  t  -in  o f  ’ s r o -. band  Ur,  nld  iroot  1  ..rial  Radiators 

Ai  appl  lent  j  one  cf  antennas  for  -jldcr  frequency  bands  have 
denvnat/utefl  the  fn*-*,  the!  the  ’•{.d  Inti  on  pattern's  frequency 
.1'?  jiopdou-'o  ia  vur,  ■!  isturbl.ig .  H  ivt  that  it  has  been  possible 
t  •  r'.r.truc  ■  a  nrc.uJ  l-a.'-l  j  ad  int  ;r  whose  input  impedance  ro  • 
-.•.airu  .■••ut -7 rc  t ho  in  a-,  i  it.fi  over  n  wide  frequency  range 
v,  *  j  . ? ;  ■  .  ■  -  ..  -.  -i  \  \ :  n ir if  earn  o  since  fr- 

ru=-  ,-.t  -!  »j  '.ter  ;  o  ■'  '  '•  - i  large  e  ..;u  my  depend**;  x:  in  thin 
•  arpe  fro  sue  rr  •  .r-  ;  7*.  -i  j  Thu/m 'o -  e  l  he  technical  appl  i- 
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cation  of  such  ancojnc.fi  ccrtt inly  presents  a  problem..  Ihuo» 
the  search  fe::  a  method  *>  Lie'-  daoroanss  the  frequency  depen¬ 
dence  of  a  bread -hand  radiator  in  unavoidable 

The  theory  01  the  wide-hand  radiator  |1.  3*  5j  shows  that,  a 
radiator  %t  an  traits  a  pace  .7  uvea  of  d  i  fie  rent  modes  and  these 
apace  v/a^os  are  co:a  ined  A  i  ho.  r •  id :i  '.tion  pattern  in  reapeot 
to  frequency  depend  art  plane  dhifuj.  the  ideal  wide-hand  radiator 
would  be  tl.o  one  which  trami.iltn  only  one  mode  type  at  all 
frequencies  uni  therefore .  always  shown  the  radiation  pattern 
of  tliic  uoc.u«  fjie  theory  .And  10a  ton  that  tlie  excitation  of  a 
mode  type  ia  dependent  upon  hie  Inhomogeneous  characteristics 
of  the  vicinity  uf  t.ho  i .  dlu.tor  J  h  j  Shis  inhonogor.ity  usually 
comes  f von  the-  '.ue  c  J  <•.  t  uxv:d  surface  radiator-.  It  in  very 
d  '  IT  ieul  I:  t*o  answer  I  he  motion  .  la  there  a  radio  l;r>j;  ah  ape 
l’ t  *  '  «  *.y  tie  no m  type  in  a  '.vide  ixequoncy 

r  i.ifj.e  luco  we  nave  investigated  nuucrouu  field  patterns,  we 
can  eoncli.u  e  ulti  .•cni  id  or  able  a»auninca,  that  the  existence 
o.r  such  n  Ideal  i/ttc  ••  1  a  son.  aba  I;  impossible  .  However ,  it 

c  "  r't  i-7  .•eaicO  :  • .  t  i>»  r.o  lo  typos  r-ro  noticeably  affected 

if  •  nhf.o  r>  n-wui.i  ■  ,  wro  d  itfl  ootj  J  c-  constant  Is  da- 

;  v  . .  1 1  i  :  i  •’  i'uw.Lis  ,  ..a  i  nr-ortvii  in  the  direct  vicinity 

.  :  i  c'u  n;c  .  .  1.  *•  «*. .f  warn  a  rtsu.ltin(,  fr  m  the  use  of 

dir-lecti.-  -.o  re  ext  rmj.e ly  :*.  iff  ioult  to  analyze  and  have 

x wryly  ice-i  •>.  iti  ly  z*. .  the-retlc.-  1 1  y  ,  Tlnwef  ora  ...  general  and 
reliable  information  in  this  respect,  la  not  available..  However 
it  cioeo  not  .jeer:  to  l;e  oorspl otolj-  'mpoaaiblo  that  such  an  an¬ 
tenna  lr.  a  spool;.!  die'-.:  trie  material  could  be  designed  and 
have  the  capability  of  f  rerating  > re  frequency  independent 
mode  type.  However  the  p  cticnl  realisation  would  probably 
result  in  failure  since  .he  dielectric  would  have  to  extend 
out  to  Infinity. 

One  can  still  influence  ti  radiation  pattern  considerably 
by  using  inho  ao  re  news  i  inlc  ;;i  r  in.  with  finite  dioenoi  ono  and 
thus  find  radial  bn  pal  t  m  n:  vdn oh  Lave  practical  and  inter¬ 
est  iug  Ei.i.pw  fi.x  •  xa: --In.  it  i;  mown  that  a  control  of  the 
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radiation  pattern  is  possible  by  means  of  dielectric  rings 
and  in  this  manner  an  almost  frequency  independent  main  lobe 
direction  and  very  email  aide  lobe  maximuma  are  obtained  [3]  » 
Also,  the  only  frequency  dependence  in  this  cebc,  is  the  decrease 
in  the  50  $  down  bandwidth  of  the  main,  lobe  as  the  frequency 
increases*,  Thi3  would  be  a  radiator  having  very  goad  horizontal 
directivity,,  Also  it  ie  possible  to  find  a  diagram  which  is 
very  similar,  over  a  large  frequency  range,  to  that  of  a 
short  dipole*  This  would  tv  a  radiator  suitable  for  uniform 
transmission  of  waves  about  a  large  radial  sector  and  is  also 
suitable  for  reception  of  waves  progressing  radially  through 
this  area.  In  the  following,  the  basic  rules  showing  the  in¬ 
fluence  on  the  rad  lotion  natter n  by  means  of  dielectric,,  as 
wall  aa  the  most  important  technical  shapes,  will  be  treated,, 

I,  The  Radiation  Pat  ten  i_l  _  of  ‘Airoole  Broad-band  had  1  at  or  3 

Tad  tutors  -which  are  energized  out  of  the  ground  plane  by  moans 
of  a  coaxial  line,  as  shown  in  Figaro  >  ,  will  be  treated  here.. 
Their  shape  begins  ft  the  fes.’ing-zone  with  u  cone,  whose 
characteristic  impedance  in  respect  to  the  ground  plane,  is 
the  same  as  that  of  the  c  .1  axial  input  11  no  *,  Then  the  form 
transfers  over  to  %  final  rounded  ohape„  In  the  following, 
a  simple  method  which.  Is  l citable  for  approximate  calculation 
of  the  radiation  pattern  will  be  explained-.  This  apvroach  is 
sufficient  to  clarify  the  exintance  of  distant  fields  and  is  an 
aid  in  developing  3ti table  measures  for  decreasing  the  frequency 
dependence  of  the  ccdiaticn  pattern.. 

According  ;o  [ 5 J  ,  the  wavefronts  near  the  radiator  itself, 
are  approcimated  by  the  static  field  lines  of  an  electric  field 
between  the  radiator  and  the  ground  plane „  Such  wavefronts 
are  shown  in  Figure  1  ..  The  current  along  the  radiators  of  good 
wide-band  art annas,  deereinee  rapidly  from  the  input  point 
to  the  upper  end  os  chow,'  in  [3}  Practically  no  current 
flows  in  the  upper  e..d  of  the  radiator  and  thus  contributes 
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little  toward!  radiation,,  The  wave  propagation  from  tha  antenna 
is  almost  completely  composed  of  that  shown  in  Figure  1  ,  re¬ 
sulting  from  tha  wavefront  of  the  existing  waves „  In  accor¬ 
dance  with  the  "Huyeno  Principle"  [fij  „  each  point  of  a  wave- 
front  can  be  considered  as  e.  center  of  secondary  waves,,  whereby 
the  distant  field  of  the  radiator  can  he  approximated  aB  the 
eum  of  aecondary  waves,  for  example:  those  which  propagate 
from  the  outer  moat  wavefront  Bhown  in  Pig»13  One  can  postulate 
that  the  pc into  of  these  (ratio  field  lines  are  equivalent  to 
in-phase  generators  However v  this  wavefront  Is  not  uniform 
in  respect  to  amplitude,  rather,  the  amplitude  Increases  from 
the  ground  plane  tc  the  radiator,,  since  the  electric  field 
lines  have  a  c  mallei'  displacement  at  the  radiator  than  at  the 
ground  plane  and  thin  results  in  a  larger  electric  field  in- 
tenaiiy  near  tun  rnd  tutor..  The  effectiveness  of  the  ground 
plane  can  usually  to  determined  by  adding  the  mirrow  image  of 
the  radiator  .  Therefore  one  considers  ti  e  symmetrical  arrange¬ 
ment  of  PlgJ;  '.'.tie  distant  field  of  the  radiator  is  then 
approximated  from  the  cylindrical  symmetry  of  the  wavefront 
in  Pig,.?. 

In  Fig, 3,  the  curves  'a1'  nhow  the  radiation  patterns  of 
the  antenna  of  Fig.,  1,  whose  input  line  lias  a  characteristic 
impedance  of  6)  ohoo.  Pig.,  \  shows  two  of  the  curves  from 
Pig.. 5,  with  live  symmetrical  complement  at  the  bottom.  These 
curvoo  result  -’vom  the  wavefront  of  Pig.  2  and  can  he  approximated 
mathematically  by  using  Die  "Huygens  Principle"  •  The  effect 
shown  in  Fig,. 3  and  )f  known  to  exist  in  similar  form  in 
funnel  radiators.  The  curvature  of  the  resulting  wavefront 
brings  a  broadening  of  ,ne  main  lobe  maximum  at  lower  fre¬ 
quencies.,  and  increasing  frequency  ft  increasing  curvature 
results  in  a  splitting  of  the  main  lobe  into  two  or  more  maxima, 
as  shown  in  Fig0  0t>  [7,  B  j  ,  The  curvature  also  prevents  the 

radiution  pattern  minima  from  reaching  zero.  Zero  minima  are 
obtained  with  excitation  v  .a  oven,  uniform  phase  fronts,.  How¬ 
ever,  the  minima  are  always  less  pronounced  with  increased 
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curvature  [9 ,  iOj  ,  In  addition,  the  aid*-  lobes  become  larger 
with.  increasing  amplitude  cf  the  wavefront,  ae  the  radiator 
surface  ie  approached „  and  oan  become  larger  than  the  main 
lobe  maximum  ae  shown  in  Plg„4 *  with  sufficiently  .inoreaoing 
high  frequency,  when  the  border  radiation  of  the  wavefront  is 
large., 

II.-.  meaner on  to  Gone or.tr ate  the  hair,  lot 9  Maximum 

The  undesired  broadening  or  splitting  of  t-he  main  lobe  maximum 
oan  be  avoided  by  making  ti  e  radiating  wavefront  of  Pig, 2 ,  ns 
even  an  pcaaiblcu  The  proper  mo  a  b  ur  e  0  required  are  known  from 
the  theory  of  flat  raJ inter a„  Tlio  radiated  wavefront  in  the 
vicinity  of  the  ground  plane,  must  be  drawn  back  in  the  direc¬ 
tion  of  the  input  point  hy  meant  of  a  delay  arrangement  having 
lcnoe  or  focusing  onaracto r 1.  cities  Such  a  delay  can  bo  obtained 
by  using  an  uneven  ground  plane;  a  method  which  io  used  in  the 
well  known  riela^  line  ['•  1 J  This  method  of  obtaining  delay 
has  only  limited  applications,  olrioo  the  frequency  depen¬ 
dency  increaoea  with  increooing  delay  characteristics.  and 
is  nlao  effective  only  in  the  aired;  vicinity  of  the  ground 
plane*  A  reasonable  application  of  j  ■:  <?.  |  t  could  be  the  anticli¬ 
nal  bulging  of  the  ground  plane  an  shown  in  Fig.  9  nd  this  re¬ 
sults  in  a  limited  effect,  such  that,  the  wavefront 
1  s  drawn  back,  at  least  near  the  ground  piano.,  A  larger  im¬ 
provement  requires  the  uoo  of  lense  arrangements,  which  are 
used  with  funnel  radiators.  This  r.at  necessary  since  a  lense 
has  a  continously  decreasing  effert,  as  the  edge  of  the  wave- 
front  la  approached  Therefore  the  wave  la  drawn  back  at  all 
points  In  a  defined  and  desired  manner,  such  that,  they  are 
even  throughout  (ae  with  a  convex  lense  used  for  optics),.  The 
well  known  metal  lenses,  derived  from  ?/aveguid«  principles, 
will  not  bo  used  for  broad -banc  antennas,  since  they  have  a 
small  frequency  range  Only  dielectric  lenses  with  lossless 
and  frequency  ir dependent,  dielocvi  to  will  be  considered,.  Such 
a  trolitul  lease  whic  1  r  aa  been  de.r!  -e  !  by  means  of  experimen- 
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tation,  is  shown  in  Fig06.,  Diagrams  of  these;  radiators  are 

shown  by  the  curves  “b"  of  Fig0  3o 

Those  dielectric  lenses  cause  two  problems* 

*  they  of  "<.•'*  the  capao 1  1 5.  rs  dint;*  •  ;-nt  inn  along  the  radiator 
,  j  :  .■  •  .  :  'Mi  tho  .mri’r/.-.c  <  1 


'..'ho  altcvru  i;  ac.ltlve  din  tribal  Jon  n  <(duc.es  a  dtfforen i.  char* 
ri'toriut.-"  u  ;  don.ro  tt»t  along  tho  vb j.ator This  different 
f  hr t oo t.ev  5  o  l  .i  ■  *  mpedfinc  curve  is  easily  corrected  to  the  re~ 
.(•u  red  wide -hand  inpcdan.c  curve  by  applying  small  changes  to 
• ;  -■  rad  J'-i  or  n!  n]  o  The  fo.f ''  ic  ted  c  onponcnt  waves  at  the  aur- 
!  -e  of  ',hv  Jenso  structure  „  propagate  about  the  vicinity  of 
oho  .radiator  in  an  undefined  manner  -  These  vagabond  wavee 
are  p-.rtiolly  reflected  bad:  to  the  input  line  and  now  cause 
a  frequency  dependent  u' a  natch-,  borne  of  tho  reflections  tra-* 
cutwardo  away  from  the  antenna  in  an  undefined  manner t  and 
affect  the  radiation  pattern..  The  trolltul  shapes  of  Figure 
o  fir<  du-'-o  approvii'.ately  lb  #  rtf  lection  in  the  input  line* 

«  use  of  an  lu.V'cu  gone  cue  die  le-  trie,  whose  dielectric-  con¬ 
stant.  at  the  edges  of  the  lenoe  p-'sseosco  a  slew  and  oontinu* 

■.  ui)  transit  Lm  from  air  *  u  dielect  ric,  helps  to  prevent  this 
type  of  reflet  tlon.  t.ulto  a  few  successful  projects  were  o on- 
duo  ted  in  the  V,  h  A.  ir.  order  to  produce  a  dielectric  from 
foam  material  (synthetic  material  formed  by  forcing  air  t.irough 
the  material  In  its  liquid  form)  [13]  This  dielectric  should 
nave  a  dielectric  constant  which  is  a  geometrical  function.. 
Since  the  technology  of  developing  such  a  material  is  too 
great.,  wo  have  used  inhomogeneous  dielectric  and  have  shown 
:  to  reusability  in  the  form  f  a  3  cnoe  consisting  of  thin 
rolitul  plate3  with  air  apace  An  between*  ao  shown  in  Pi  .7^ 
j  Htterns  similar  ho  those  of  Fig  6  are  obtained  with  this 
arrangement  In  add  1  tier,  lens  i.e  reflected  to  the  input  line - 
Therefore  boiler  wi  ?  bond  matching  ie  obtained  The  measures 
mentioned  above  cause  the  wavefront  to  be  evened  out.  This 
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fact  is  demonstrated  by  f.n  curves  "')«*  I  ,  PJ.g.,5  eimow  the 
lobe  minima  are  more  pronounced  and  /  t.ve  wore  nearly  approached 
the  oharac tail  tics  >£  a  txue  n  ill,.  Oho  ict  to  the  ‘>0  jS 
down  bandwidth  of  tlvi  main  Jol  e  deer  sancs  with  increasing  fre¬ 
quency,  ie  ole rifle c.  >  since  tie  verb ’ e ••  o  broadenin';  of  the 
wavefront  (Pig-,*-)  inareat?-?-.  in  xocjvjct  to  wavelength,  with 

i 

increasing  frequency , 

A  very  simple  polutior  of  the  die 'loo  :rio  ion  so  withouv  the 
problem  of  syn  idiotic-  term  vvter  i.al.,  •;*:  nonoiblo  if  th"»  input 
line  la  fillet:  <;ith  Uele^lric  us  t-h.  wm  'n  Plg.,0«  If  :ne  now 
allows  the  d  U  otri :  of  bin  input  1  he  I,  :  continue  out  to 
the  lensa  as  .own  in  Pig -3,  tn  i  ach if vet  the  oonditi'-i  of 
no  reflect  lorn  :ts  tin  wen  3  eider  3  tJi  ;  lei;  10  (the  oonlr. wiry  in- 
true  in  Pig > ";  1  and  :?9fls3bud  w.1/3 0  rn  prove  ..eel  iron  existing 
in  the  cabl.a  ilia  wane  leaves  the  diolcotric  shoi'ly  and  con¬ 
tinuously,  ear  h.  that  1  slowly  i  iron  -ii  part  of  vhe  wavefront 

progresses  over  to  •  -it  rovlJ-n  c "  air  1  x  shl  3  way  3.1  :.o  po?-- 

Bible  to  obtain  the  surven  b*  n  ihv’.  3  with  good.  nr  tohing  by 
using  a  relnti'/oly  u  uipl'i  niece  of  a -lid  troi'.tul, 

IX X n  Methods  to  Dev? ' •  tose , t '  - i«  13  jxfyce 

The  curves  ;,V'  -f  Pig. 3  odT;:  Hint  th  1  duly  ty’w:'.u:  pre¬ 
viously  me  r  tic-  id,  :&  in  of  :  sot  ve  i  :  combating  tl.a  ’■  ,..:y  lar¬ 

ge  and  ate  =  :  clue  lo  jsc  at  M:i.  wiunnoic?  Vhen:  id-.1 
lobe*  axe  ..a  con  by  ;he  mi'-rien  --t  p?.:- tunes  of.  th«  edges  of 
the  wavefre  :rt  •?  and  ewe  c.loo  pc  s  ~ J. .ilo  with  oven  idinoo  'rants-. 

It  is  known  tv  - 1.  a  :■  Huctici:  ir.  the  --Ido  lobar?  in  C;  it  ra¬ 
diators  alro  •:  ruses  in  enlarged  aaipl  !t.ud©  in  the  niridho  of 
the  radiating  3urfac.i  „  * *i j  therefore  addiviatuv  .ifchoc  a, 
the  use  of  w; ’oh  inf  Luo ness  the  Uri.-ic-w  of  the  phase front 
amplitudes,  i-usC  be  .found  «,  If  tne  mo 3 cure  a  taken  ar:  *-o  have 
simple  and  ':..csu-bo,-d  charact«x'  lr.:.  fnon  this  in  ah 30  ac- 
ccmpliehei  jy  crane  >f  t  ILelcc  ru.  'oi  o-  . 
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For  this  reason  we  constructed  a  considerable  number  of  1« 
electric  rings  of  different  diameters «  Through  the  oombina- 
tions  of  such  rings  in  different  arrangements  and  without 
air  Bpaoe  between  rings,  we  were  able  to  affect  the  radia~ 
tion  pattern  in  many  ways*  If  one  wishes  to  reduce  the  sida 
lobes  considerably,  then  one  could „  for  example ,  increase  the 
density  of  the  dielectric  in  specific  locations,,  as  shown 
in  Figt,9«  Radiation  curves  "a"  as  shown  in  PigolO,.  are  now 
obtained o  The  curves  "b"  give  the  radiation  pattern  of  the 
same  radiacoi  t.j  thout  dielectric »  One  can  definitely  notice 
the  reduction  of  the  steep  side  lobes*  If  one  does  not  use 
the  more  conical  shaped  antenna  shown  in  Pigol.,  but  usee  the 
more  spherical  shaped  antenna  shown  in  Pig<>9?  showing  a  very 
bulanood  pattern  with  very  weal:  minima  as  indicated;  would 
be  q.uita  suitable  for  transmission  and  reception  in  a  large 
angle  radial  sector, 

IV o  Wide -bund  Antenna  with  Optimum  Gain  in  the  Symmetrical 
Plane 

If  the  phase  correction  of  paragraph  11(  is  combined  with 
the  side  lobe  reduction  of  paragraph  III,  one  obtains  ra¬ 
diation  patterns  with  a  well  defined  main  lobe  in  the  sym¬ 
metrical  plane  whose  angle  decreases  with  increasing  frequen¬ 
cy,  If  Pig, 7  is  combined  vd.th  a  correction,  (correction 
shown  by  Fig„9;„  one  obtains  the  optimum  shape  as  shown 
in  Pig ,11  and  1 2  (obtained  from  simple  ring  combinations  which 
were  experimentally  determined),.  The  corresponding  radiator 
patterns  are  shown  in  Fig.  'S  3.  If  Fig,  8  is  combined  with  the 
necessary  correction,  then  the  shape  shown  by  Pig  .,14  is  the 
resulting  optimum  one.,  Since  the  dielectric  of  the  input  line 
continues  to  the  lenoe,  the  reflection  of  waves  upon  entering 
the  lenae  io  avoided,,  and  relatively  good  impedance  notching 
is  achieved.  This  impedance  matching  could  prooably  be,  some¬ 
what  improved  by  very  snail  changes  of  the  lense  and  radiator 
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an  extreme!;/  difficult  problem  to  solve®  Lrowe«rcr>  the  possibi¬ 
lity  exists ,  th  it  or  e  ban  obtain  vary  aj.mrle  boundary  conditions® 
if  a  coordinate  system  is  intr>  duced ®  in  Milch  the  ground  plane® 
as  well  as  :ho  radiator  itself®  are  coordinate  lines.  An  ortho¬ 
gonal  cjr>e;i  tine  coordinate  system  which  fulfills  the  so  condi¬ 
tions  is  obtained,  for  example,  from  the  yequtpotent is  1  lines 
and  field  1  inos  cf  the  static  field,  that  exists  \vhen  c.  dc  vol¬ 
tage  ie  applied  between  radiator  and  ground  plane--  Pig  17  shews 
the  3tatic  f is  1 1  of  a  fQ  chn  radiator-.  The  Marmoli  equations 
of  the  rad iatie.i  field  have  beer  net  up  tr.  the  curved  line 
coordinate  ayutam  ir  j 1|  0  Through  a  nut table  insertion  which 
descrices  the  complete  field  a.,  the  sum  of  complex  partial  wave 
functions  the  partial  differential  equations  break  down 
into  an  inf ini fc -jy  number  cf  or  1! nary r  2nd  order,  coupled  diffe¬ 
rential  eijuat tons®  i0e®  the  differential  equations  for  W  and 
V,  yield: 
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The  value  a  of  and  a  sen  h-  obtained  with  the  ho  Ip  of  the 
graphical  "ourier  -liial-nip,  fa  o-.i  the  curved  line  coordinate 
ay s ten;  fin-  60  o'hn  nph  .  ••  j  oal  radiator  they  are  shown  in 
5 *  Figs  40  and  A „  The  lolution  of  the  differential 
equations  by  means  of  elect;  lea:,  con  put  era  is  now  possible  in 
principle,  however,  thin  iai  very  difficult  to  do  for  antennas 
of  practical  irpor  taneo  >  since  the  values  F  and  (J..  become 

il  i  i. 

infinite  at  the  antenna  apex*  Therefore  a  coordinate  ay stem* 
in  which  both  the  ‘.-.round  piano  and  the  radiating  part  of  the 
antenna  an.  fa  c  .  arc  coordinate  linen.,  and  also  ba/c  finite 
values  for  F  i-nd  0  in  the  unex  vicinity,  is  the  aoot  suitab- 
le  system  :'oa  cur  purposes.. 

However,  the  oquipotential  Linen,,  which  describe  the  radia¬ 
tion  surface,  may  not  err: lone  thenso  *.ves  as  before,  but  nuot 
peel  off  in  the  vicinity,  of  the  radiator  vertex  of  the  actu¬ 
al  antenna  shape  and  continue  toward  infinity 0  It  its  es¬ 
pecially  advtwitagou.3  if  7re  could  alien  this  equipot ential  line 
to  flow  irrio  an  infinite  extension  cone  (aa  shown  in  Pigo'53) 
the  vertex  of  v?hich  lies  in  the  ground  plane 0 
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Fig.18 
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The  resulting  coordinate  system  matches  the  electrostatic  field 
of  a  conical  line,  nor©  and  me r a ,  as  the  distance  from  the  null 
increases.  ?  takes  on  a  large,  but  finite  value  vjith  increas¬ 
ing  disuar.ee  from  tlic  origin,  while  all  higher  order  I?  have 
aero  as  their  aasyoptote iror  this  we  are  able  to  obtain,  the 
most  suitable  boundary  conditions  for  solving  the  differential 
aquations,  this  being,  that  reflected  waves  no  longer  exist  at 
a  sufficient  distance  from  the  origin, 

I..  Ertpe  rimer te _  Indio. at ing,  the  Permlssahility  of  an  Infinite 
Extension  C one  Arrangement 

Before  we  can  actually  use  this  coordinate  system*  it  must  be 
shown  that  the  electrical  relationships  of  a  broad  -bene!  ra¬ 
diator  with  an  infinite  extension  cone  does  not  depart  consi¬ 
derably  from  the  final  desired  antenna  shape.  In  [4J  it  can 
be  seen  that  the  shape  of  the  radiation  pattern  is  indepen¬ 
dent  of  the  antenna  length,  if  the  current  along  the  radia¬ 
tor  decreases  rapidly,  a3  is  the  case  with  large  radiation 
attenuation,  and  the  upper  current -less  regions  of  the  an¬ 
tenna  do  not  contribute  anything  toward  radiation. 

'Therefore  our  new  coordinate  system  is  only  suitable  with 
large  radiation  attenuation,  since  this  is  the  only  condi¬ 
tion  which  causes  the  current  along  the  snterma  to  decrease 
rapidly  and  become  so  snail  at  the  antenna  crest,  such  that 
the  addition  of  an  extension  cone  at  the  top  does  not  cause 
a  noticeable  change  In  the  radiation  behaviour * 

The  boundary  field  lines  of  each  wave  type,  progress  to¬ 
wards  the  antenna  feeding  zone  with  increasing  frequency, 
such  that,  tfee  radiation  process  becomes  more  concentrated 
about  the  lower  portion  of  tho  antenna-  Also  it  is  to  be 
expected,  that  the  impedance  and  radiation  behaviour  becomes 
continuously  more  independent  of  the  radiator  shape  in  the 
vicinity  of  It e  vertex*  as  the  frequency  increases.  This  can 
also  be  confirmed  by  the  experiments  described  below. 
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Kext. .  the  matching  factor  "m"  'reciprocal  OTR)i 
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of  the  60  ohm  spherical  radiator  was  measured  hv  using  part  of 
the  input  line  as  a  slotted  line  *  The  results  are  shown  in 
Fig©19»  curve  a.  If  a  thin,  brass  rod  ta  added  to  the  top  of 
the  antenna  i  -n  -;ex,  an  ahovm  in  lig^O  and  "tV  is  measured 
again,  the  rt  aul  .s  as  shovn  by  curve  h  nr  Vigo '<9  are  obtained* 
It  can  be  seen  that  cur"®  b  .pendulate;!  about  curve  a  and  the 
amplitudes  of  *h-.J8e  fluctuations  become  increasingly  smaller 
with  increasing  frequency.,  This  can  In  explained  in  the  follo¬ 
wing  manner:  tho  spherical  radiator  looks  l:LHbo  an  inbomoge- 
neoua  lina  nij;  losses  that  ia  terminated  with  the  input  im¬ 
pedance  of  r.  thin  rod  antenna.. 

This  rod  antenna  haa  the  known  r.iri>n  in  the  ror.pl c>:  impe  - 
dance  plan::,  as  a  function  of  increar  Lng  frequency ,  ns  shown 
in.  Pig ..21  o  Pha  periodic  vo  lution,  of  the  input  imped av-ae  of 
the  rod  ant  anna  cause;,  the.  measured  1  vxiationo  of  the  matching 
factor  "m"  shown  in  J  by  crivo 

If  the  attenuation  of  the  inhonegenoe  is  line  located  between 
the  rod  antenna  and  1 1  <>  slotted  line  becomes  Dergsr:  that  :1b, 
if  the  radiation  attenuation  becomes?  larger  in  the  middle 
and  lower  regions  of  the  spherical  radiator ,  then  the  varia¬ 
tions  of  the  input  impedance  of  the  r  od  antenna  has  a  con¬ 
tinuously  decreasing  effect  upon  the  matohlng  factor  "of'* 

Since  the  radiation  at  term?:  cion  increases  with  increasing 
frequency,  the  /  ar  J  at J  on  <>■•'  the  matching  fac  c  r  dccrepaew, 

A  similar  effect  can  be  no  -i ,  if  one  -neasjron  toe  radiation 
pattern  of  the  GO  ohm  opho  Seal  radiate/-.  first  with  ?nd  then 
without  the  rod  antenna,  .r  a  cocspn.t ? t  t:-<?  results  (.:1irr<,22), 

The  curies  "h  ’  pendulate  about  tiio  nt  :v-:a  ’’a”  and  the  um- 
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piLtuue  of  t)  ■  dcviat i  i:,ic  la  notably  smaller  at  3  000  me* 
tb  *.n  at  1  bCOyr;,  In  t-rder  !;o  clarify  this  effect ,  tic  re¬ 
el  iat ion  p.-i  ;  term  of  the  thin  rod  antenna  of  length,  1  **  1130 


cm,,  v.erc  calculated  both  frequencies  of  1  500  me  ,and 
3  000  no,  according  to  the  fanilor  equation  (3)  [reference  16j 


Ffi?  (®/  ;^°'V 


ccr,($oh  &s6)  ~  cos  Ah 


•S//7  <9 


(3) 


r.ud  drawn  In  Pig* 23 »  li  one  compare a  the  curves  "h"  of  Pig, 22 
v/ith  the  curves  of  Fig* 23,  one  can  easily  sec  that  the’  number 
of  deviation  maxima  of  ;'.'ae  cupvrss  "b"  in  Pig, 2?  is  the  same 
an  the  number  of  side  lores  in  Pig.,, 23  for  both  frequencies* 

The  pendulation  of  curve  "If'  :-.n  Pig,22  originates  from  the 
radiation  pattern  of  the  additional  rod  antenna ,  since  this 

•  r  -  c 

pattern  nov?  combines  with  that  of  the  f>0  ohm  spherical  radiator* 
The  decrease  in  pendulation  with  increasing  frequency  prova'a 
•‘hat  the  radiation  attenuation  of  the  60 Q  radiator  increases 
accordingly,  and  thus  tha  residual  current,  at  the  crest  of  the 
spherical  radiator  art  along  the  rod  antenna,  becomes  continuous.^ 
i.v  smaller ,  (That  the  deviation  maxima  of- -our vs s  ,ro,r  in  Fig, 22 
ure  not  in  exact  agreement  with  the  side  lobes  of  Pig, 23,  in 
respect  to  their  angular  positions,  is  not  important  in  this, 
analysis.  This  results  from  the  fact  that  the  radiation  patterns 
of  Fig,22  were  only  measured  at  a  relatively  short  distance, 

R  21,  from  the  feeding  point,  whereas  the  equation  (3)  is 
only  exact  for  the  distant  field,) 

As  expected,  the  impedance  and  radiation  behavior,  becomes 
increasingly  mere  independent  of  the  antenna  shape  in  the 
\'icin±ty  of  its  apex,  as  the  frequency  is .  increased.  There-  .. 
fore  it  has  been  proven  sufficiently,  that  the  use  of  a  co- 

s*> 

ordinate  system  with  an  infinite  extension  cone'  is\oatisfacy 
tory  at  higher  frequencies,,  ' 
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I  r ..  avCairU,.;  on  iv  menus  of  Line  Chargee  <>  of  a  Coordinate 
r.yote n  v'  < ■ ,/  »,n  Infinite  Ext  eng ion  Cone 


i 


.,12  the  coo-  a  v.nfce  systems  that  '?•>  he.  :e 
calculated  ’ cor  cu 3  tally  c’/ioaer  ocam 


til 

e  radiate- 

since 

this  cr i  n 

?  v  lo; : 

bo 

unaary  pre  ' 

of  th.e 

potcr  tiaX 

squat 

An 

inf  in3  v,f:  ~ 

Xy  cm 'x  13 

line  cbn: 

•ge,  b 

a 

point  cht.j  ye  . 

A 

y  t 

c.A7c. 

V/ 

— - — — —  — - 

"  -  ‘  - 

'  & 

'? 

r  r  «j*ficuaiymsed  were 
d ’•  ctri  but  lens  v  along 
<;  tables  us  to  avoid  the 

ion... 


pm  .ho  potential  of. 


(4) 


In  accordance 


v>  i  !  h  Figure 


a (hQ)  is  the  charge  density; 

b  is  the  position  of  the  linn  element  dhQ  cn  the  radia¬ 
tor  axis; 


R  »  p  +  vh  -  h0)2 
from  this  line  charge 


ia  the  distance 
element. 


cf  the 


point  ?(r,h)s 


By  inserting  tho  equation  fo?  R  and  integrating  from  -CO 
♦  CO  ,  the  resulting  equation  for  at  ?(r,h)  becomes: 


Q> 


»/*■ 


rOO 

/ 


4re, 


/  a!4 


pp- 


to 


(?) 


The  conditior  that  the  ground  plane,  Y7hich  corresponds  to 
h  =0->  always  be  an  equipocential  Surface  having- tho  poten¬ 
tial  0-0,  can  bo  iulfill:d  if  the  following  relationship 
of  the  function  q'hr,)  is  forced  to  hold  true: 


(6) 


One  cah«^vie/e  U  *  fcoiKtitiou  tha ;  the  radiator  surface *  which 
is  symmetrical  uy»>n  rotation  about  its  axis,  be  an  eauipotontial 


surface , 
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q  (hc 


h.er 


pul°t -i-o-.s;  try  applied  to  th?  function 


Tue  integrc  .  '  1  in  uri.'.y  curpilo  c r.  u-.  gVie  for  n  :?•'?<  •  line 

tiini.r tbuof. ■■  fu\t;  ^(1  )  However  i;i;o  chnrg;?  distribu¬ 

tion  of  ill  r  /Mrto.c  shape..:  having  a  "ir.ite  height,  is  Uni¬ 
ted  to  a  fin 3  '.*{  region  of  the  *edaa t-r.  »•  axis,  and  therefore 
the  foil  A7 In;,  •  true: 
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Fig  <■  25  show;.-  n  1 ;.e  charge  distribution  for  the  60  ohm  sphex  i  - 
cal  rad  into”..  in  thin  cane,  numerical  eolations  of  the  in¬ 


tegration  can  be  an. tor.  pitched  \?ich  the  aid  of  an  elec  cron  it: 
computer  <  If  '"no  sub  it  i tut un  a  step  pol'  gen  tor  i;h«  function 
q(h  )  as  shown  in  Fig, 2b.-  hr.  addition,,  th?  dietanno  n2&v 
la  divided  ante  N  intervale*  each  of  which  ia  h  long  and 
the  heights  c f  the  resulting  rectangles  ate  made  to  be  the 
ordinate  of  the  curve  in  the  middle  of  the  interval  (tangential 
method }«  The  potential  of  the  lino  charge  In  point  P(t  h) 
can  he  calculated  as  a  finite  sum,  in  accordance  with  the 
following  equation  (0)„ 
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However  if  far-  equiputential  surface  which  describes  the  ra¬ 
diator  surface  area,  peals  off  the  actual  antenna  shape  in  the 
vicinity  of  the  anbonna  vertex,,  and  it  be  required  to  extend 
into  an  infinite  extension  cone,  then  the  corresponding  charge 
distribution  must,  also  extend  to  infinity .  along  the  radiator 
axis* 


Therefore,  a  numerical  calculation  of  the  potent Jal,  using  tbs' 
tangential  tier  hod ,  lo  impossible  for  this  particular  aase«  • 

«v*  ^  Q  C=r 
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since  the  integral  (5)  can  now  only  be  written  as  the  suns  of 
an  infinite  number  of  terraOo  Therefore,  the  charge  distribution 
is  always  divided  into  two  parts *>  The  first  part  q^Ch^),  i3 
United  to  tine  region  along  the  radiator  axis  diflned  by 
-a  h  h0  a,  ana  is  nor/  usable  in  (G)..  The  second  part 
originates  from  a  suitable  lire  distribution  function  extended 
from  •-  b  to  s  '  for  which  the  integral  (5)  in  solvable  in 
closed  form. 
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Special  Distribution 


Functions  -  p(h{j) 


The  simplest  procedure  assuring  the  running  cut  of  the  po¬ 
tential  surface  into  the  infinite  extension  cone,  requires 
the  retainment  of  the  part  q^(h  )  as  the  charge  distribution 
for  the  finite  radiator  shape  *  and  taking  a  distribution  func¬ 
tion  according  to  (9)  and  PigoJi?  as  the  second  part 


q2(h0) 


for 
‘  for 


0  'Ch  K  00 

•  o  — 


•O0  <  hn  <  0 

zm  C  «wr 


(9) 


The  equipotential  surfaced  of  these  line  charge  q9(h0)  are 
infinitely  high,  cones  of  revolution  about  the  radiator  axis 
all  having  the  same  cone  vertex  in  the  zero  point  (Pign28) t 
The  potential  0^  on  a  c^ne  surface  with  th3  half  aperture  . 
angle  9  ,  is  directly  proportional  to  the  density  of  the  char¬ 
ge  distribution  according  to  the  following  equation:  (10a) 
[reference  15J 


(10a) 


The  above  equation  can  alao  be  written  in  the  following  form: 
(10b) 

cotG  «»  sinh 

%  *10 

The  value  of  q0  is- determined  by  (10a)-  &  (10b)  if  one  assumes 
the  aperture  angle,  2Qq  of  the  extension  cone,  and  requires 
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the  origin 

C  o  av  e  y  a  e  ly  5  t  he 

potential 

telj*  daternif  nod 

by  /\  in  ■ 

on  the  nu.v.r  -  r:  of  l':  e  f  in :■  to  v  :a  late  r  shape  •  f.inoo  the  char  go 
d istribat '.(h  )  aa  1J  l  to  tee  rovion  -a  t*s  h  $,  a 

of  the  rad  or  axis,  th: 
da  ter  rained  s  a  and  acre  ty  0 

form  the  ee::  i  point  ie  inci  3,ue 
surfaces,  ;?  ■-  oonstant,  .?  rr-ver.; 
cor. e a  v.< hex  =•  =  constant,  a n  t 


vicinity  of  that  n;r;  of  the?  -opiate  r  ::t- face  indicated  by  A  in 
Pig:  '<8  (t..al  moans  1.,  (h }  nth  <f  a  i-  this  par  u  of  t ' .  *.  radia¬ 
tor  surface  cur 'be  doccr:  ’red  accurately  enough  by  a  potential 
surface  0  «  constant:.  The  conditio-:  0O  <^.  !*,  io  cnlv  fulfilled 

C.  ■  ■  ■ 

if  the  density  a  of  the  lino  charge  c: C la^. )  ie  rory  mil,  which 
again  hae  thc  .same  mean!.:  r >  ..i  accordance  with  (‘Of,  as  the 
requirement  of  a  very  one!!  aperture  angle  2  0  cf  the  er tor¬ 
sion  cone  - 

A  charge  distribution  which  was  first  calculated  icr  the  fi¬ 
nite  antenna  shape ,  only  yields  a  useful  coordinate  cynter 
when  it  ir.  combined  with  a.  line  charge  in  accords nee  with 
(9)  and  Pig  17  if  one  assumes  an  extremely  snail  aperture 
angle  2®0  . 

However  the  the ice  of  a  roc  small  aperture  angle  io  not  to 
be  recommended  in  practice  . since  the  omnipotent ial  surfaces 
will  then  be  so  intensely  concentrated  around  the  extension 
cone  that  they  cen  he  longer  he  plotted  with  the  necessary 
accuracy®  In.  addition,  the.-  boundary  value  P^  (oo),  which  the. 
characteristic  value  F  approaches  with  increasing,  distance 
from  the  sera  points  must  not  become  ten  large  in  accordance 
with  the  previously  mentioned  reasons  at  the  beginning  of  part  3*. 
This  also  means  that  C^0  .may  not  be  made  too  small  since  if  (OO  ) 
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and  Qq  arc  dependant  upon  a a eh  other  in  the  manner  shown  in 
equation  (11)  j^refe;  enoe  '  5  |  , 

©  o 

?o  (tX?)  =,  Y.  (In  cot  '~j- )d  (11) 
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>°  This 

invooti/;a*.ion  is  quickly  .a  compile),  hifer  tho  f>0  ohm  spherical 
radiator  since  the;  eaargp  fiatribui  ion  q,(h  )  of  the  finite 
radiator  ,u«  ,e  (fig  .23'  and  .ne  potential  lines  0<  »  const  ant 
(Pift  •■>'’)  s  .>tll  known,  The  oorshin  it  ion  of  the  line  chares 
qgOt’i  accord  ii.r  to  (9)  and  i.ig:27  con  bo  a  imply  accompli  shed 
by  inserting  into  fig.'/'  ,he  Lines  obtained  fro;'.,  e  nur.t.  Ion  (10,* 
(that  r.en  s  'lie  tier  id  an  rations  oi  the  equi»nte*itj.nl  cones 
02  •«  conulunb)  and  ioiniri  ■;  all  the  intersect  ions  he  "inf,  fcha 
a  a  rue  potential  7)  .  >2).  ■»• 


The  surftco  of  the  GO  ohc  pS.er  ion  ■  r  eel u.e.r  '  r<  deserved  by 
the  potent  la  1  l.ino  lying  "'i- .hermit  .o  the  rl^ht-  i‘h  are 
the  cargo  ;}  U  irllmt  ion  q-  >i  In  p.cx-r dunes  with  preference  1 
causes  a  potent  la  *  value; 


V;/ . 


(12) 


Therefore  q  r:i u 3 1  t;«  defzu-'d  in  such  a  way  that  the  j,in« 
chui.qe  qQ'h  1  d;velo  ,ec  t  a-  rare  value  of  potential  on  the. 
surface  of  the  cone  .;lt h  -."i  t  pextu’e  angle  2  S  -•*  i  ’ 


O  (0) 
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(-5) 
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•c-  J> 


The  meridian  jlaect.tona  of  the  eorresponlirt/-  sou  '.potential 
cones  0g  ~  constant  has  Vn-f.  indicated  x  t  tfig  £9  with.  -dashed 
linear  IT  one  oorahinae  thane  with  the  potential  lines  f}^  ** 
constant,  in  Pig, 17  then  one  obtains  the  potential  lines 
0  *  0*1  *  jig  a  constant,  an  shown  in  I'lg,?9o 


The  choice  of  qQ  in  ft 3)  guaranties  that  the  potential  line 


o  Co) 


o 

converges  agalnat  the  required  extension  cone  having  a  1°  aper¬ 
ture  angle,  as  the  cn.stanoe  from  the  zero  point  is  .Uioreaeedj 
thus  the  desired  cloneneoo  of  these  potential  line  to  the 
shape  of  the  '50  ohm  iphor  .cal  radiator  shown  by  the  -chic Jc  lines 
in  Pig..,  ?. 'n-j  not  actually  obtained. 


Thus  '■  t  car,  bo  seen  that  1  It  Intensity  cx  .  of  Jie  line  charge 
q2(h  »  is  already  Lc-  large  W  one  chooses  a;.i  apertu  0  <■■ ngle 
of  the  extension  con  of  :■  G,  •  There' ore  i  rrlmnlo  con- 
bi  nation  of  this  1  r  ■  chai  ge  ’h  i  with  the  originally  caV» 

3  u  la  tod  char.?*?  distr  button  q  (h  )  of  thu  fir its  r..  iatv-- 
shape  no  longer  gi«r<  e  a  ueab sc.  coordinate  KViitcn, 

It  can  be  approximated  that  t  -3  donor  Iberi  prouac'  its  yields 

a  potential  surface  0  ~  ct noton t  which  hugs  thr  radiator  aur- 

bacs  r/ell  -s  no  ugh  in  the  r.-gio.i  A  of  Pig.  0  ant  runs  cat  in 

ohs  region  b  in  so  the  .  re  .  iouily  de-sevi  jec1,  exaf-rr  Uu;  johb  of 

aperture  .?  igle  ?G_ ,  :f  ;  lues  under  0  >5  ueconta  .re  inserted 

for  2G  , 
o 

However,  the  dlstrabing  3r  finance  of  the  lin  >  charge-  q2(hQ) 
upon  the  region  "A”  ti  "V  '0  can  be  reduced  in  a  relative¬ 
ly  simple  manner  by  ;-.gu,  *.  .  ’.fug  a  constant  1  1,3  oharf  f 
:ho  sane  donut:  ,r  q  w  s;;ve;  . 'r to  *  but  non  one  should 
not  allow  thj'  line  <  harge  begin  in  the  zero  point,;  rath¬ 
er,  the  .line  charge  thou  It-  :  ui  1  iwed  to  first  begin,  at  a 
d  is  bantu  ;  0  from  the  grou.  '  p..ar>'>.  '■.'has  gives  a  diatr  hition 
function  q0(ji  ;  dn  accord-,  e  wit:  ’H)  and  Fig -30 
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Fig.30 


Fig. 31 
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The  corresponding  equipotential  surfaces  aan  also  be  given  in 
explicit  forms  as  is  shown  in  the  following*  In  the  above 
mentioned  case,  the  integral  (5)  has  the  following  forms 
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Jr*-,.  (h+h„) 


\  (15) 


This  integral  ia  solvable  if  an  appropriate  substition  ie  made, 
One  then  obtains  the  following  equations 
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(16) 


As  hc  approaches  infinity,  the  argument  of  the  natural  loga¬ 
rithm  term  becomsB  ^ 4  such  that  the  upper  boundary  in  (16) 
does  not  contribute  anything  to  0-  Therefore  one  obtains 
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(17) 


ox  in  the  antilogarithmic  forms 
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h+b  *Y^x  +(hitby 


(18) 
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One  obtains  the  equation  of  the  equipotential  surfaces  if 
one  equatest 


_  U-TSy  <P 

£  =  const  ■»  CV* 


(19) 


If  one  now  inani  pula  tan  the  equation  somewhat,  the  following 
result  is  obluinou:  (20) 


r2-  h*' 

JtkEc~  +  m~~EoE?F 

(C+-/)7  (C  +  lj* 


It 


(20) 


The  equipotential  surfaces  of  a  line  charge  according  to  (14) 
and  Fig i 50  are  therefore  confnonl  hyperboloids  of  rotation 
having  two  sheets,  v;ith  the  charges  line  r  »  0  as  their  axis 
of  rotation  (Fig„31).>  The  two  semi-axes  are: 
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Zblc 
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bCC~7) 
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(21) 


Tha  focal  points  axe  located  at  y  •-  0;  h  =»  Therefore  the 
focal  points  are  those  points  of  the  axes  according  to  Figu30* 
at  which  the  constant  charge  distribution  q0  begins.  These 
hyperboloidB  of  revolution  converge  against  the  asymtotio 
cone  with  the  half  aperture  angle  (9  as  the  distance  from 
the  zero  poirt  increases 
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(22) 
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A  comparison  of  (22)  with  (10b)  shows  that  these  asyatotlc 
GO£i»u  axe  identical  to  the  equipoluniial  cones  (Piga27)  Oi 
the  line  charge  q£(h0)  according  to  (9)  and  Fig„27r>  The  poten¬ 
tial  field  of  the  60  ohm  spherical  radiator  should  now  be 
combined  with  the  equipotential  surfaces  of  the  line  charge 
qg(h„)  according  to  (14)  and  Fig, 30,  This  can  be  most  easily 
accomplished  by  drawing  the  hyperbolae  of  equation  (20)  (that 
is,  the  meridian  bisections  of  the  hyperboloids  of  revolution* 
02  "  constant)  upon  T'igoi?  and  joining  all  the  inter  sections 
having  the  name  potential r.  0  a  0^  4  0p„  The  potential  lines 
0  a  constant  which  have  been  achieved  in  this  manner,  cun  be 
seen  in  fig, 22;  the  given  hyperboloids,  02  a  constant  are  also 
shown  by  dahod  lines  in  the  same  figure. 


The  determination,  according  to  equation 
density  q  ,  guarantiee  that  the  potential 


2  O 

r  vre* 


(13),  of  the 
surface 


charge 


runs  out  into  an  extension 
mined  aperture  angle,  2G 
surface  conforms  ouch  more  • 
cal  radiator  (shown  with  •  ri ) 
tential  surface  with  +he  earn 


i-i|i  the  previously  deter 
.  '■  -( j \  •  .on  +ns  potential 
tut.'  shape  ,if  tas  60  ohm  apheri- 
i-  'ues  in  Fig, 32)  than  the  po- 
•-  'igr.29.  On  the  basis  of 


experimental  results  it  c  njua-  "  .  -r-  with  the  wide  band  antenna 
project,  we  can  predict,  with  'onolderable  assurance,  that  a 
conducting  tody  of  revolut'.  *n  whose  shape  as  defined  by  the 
potential  line 

fy « 


§  ~  2,0 


(Q) 


_J£ _ 

tire* 


has  the  desired  characteristics  of  a  broad-band  antenna  and 
can  hardly  be  differentiated  from  the  60  ohm  spherical  ra¬ 
diator  with  an  infinite  extension  cone,  in  respect  to  its 
impedance  and  radiation  i.  haviour.. 
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II  ?  The  Distribution  Functions  q,Ihn)  and  Qp ;  hCi )  foi*  tho 

60  ohm  Spherical  Kadi  a  to  -  with  an  j  nfinite  Hxtenglon  Pone 
having  a  °  Aperture  Angle 

A  charge  distribution  q,  (h  )  *  q?0>o)  }a  nought  whose  equi- 
potential  surface 

--  (£>,-  i- 

descxibea  i  urface  of  tl'.e  6C  olio  :.pher  j  oal  Had  la  tor  (in  accord 
ance  with  Fig  i 8 )  in  an  ideal  manne'  in  region  "A"  and  runs  out 
as  quickly  as  possible  into  the  prefer  .1  bed  extension  cone  r  f 
aperture  angle  ?.‘Q  «■„  1  In  ouch  a  way  that  r.he  transition  irora 
the  radiator  vertex  in  region  ’B"  is  fast  but  without  sharp 
edges.. 

11,2,1  The  Charge  Dietribut ion  Function  q.,(h0' 

The  integral  (r.  )  in  lloaed  fo::m  must  again  be  solvable  for 
the  line  chargee  beg  inn  ng  at  a  distance  -b  fvoro  the 

ground  plane  and  extending  to  00 
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*r'ir$o 


In  Fig. 29  and  r loo  Fig  52,  the  potential  lines 


have  the  diavniage  that  the;  convex/"-  rn'ich  too  slowly  againstt. 

the  pxexer ihed  extension  cone  of  1°  *•. certiire  angle  as  tlw  » 

distance  h  f rez  the  ground  plane  is  /'.creased,  This  in  caused 
o 

by  the  relatively  alow  do ore use  of  <.1.5  influence  of  0j  upon 
the  change  distribution  q-jf/.^l  (United  to  the  region  -a  £  hQ 
as  h&  is  increased.  Thu  disirec  quick  approaching  of  thi  pot.sn- 
tial  line 


*/•  •  t„ 


to  the  9xtens!r:  cone,  can  be  .-b<aineu  however.  w.v«r;  one  does 
not  asoume  a  -to  tat ant  charge  distribution  on  the  radiator  axis 
as  Indicated  in  Fig  2-  and  !•' tg  28,  tu  .  Inn  tend  one  should  allow 
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V* 
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the  charge  density  9.p(h^)  to  increase  aa  the  distance  h_  from 
the  ground  plans  is  increased*  An  analytically  simple  distrl- 
hution  funktion  e  increaseo  in  the  correct  manner 

with  h0„  is  indicated  in  the  following. 

However,  the  lines  having  the  same  part  potential  coincide 
somewhat  accurately  in  region  »B"  of  Pig, 18  with  the  equipoten- 
tial  lines  of  double  point  charges  *  j  which  one  can  consider 
ae  being  lco-ted  at  a  distance  fron  the  ground  plane  on  the 
radiator  axis.,  .'her afore  in  region  "I''  of  Pig,  18  the  following 
is  truet 


Q0  and  e  are  determined  by  equations  (25)  and  (24)  in  such  a 
way  that  one  considers  the  distributed  charge  q,  (h  J  in  the 
region  of  the  axis  Of.iho^a,  to  be  united  with  an  upper  charge 
concentration  point  at.  r  -■  0;  h  «  c- 
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The  use  of 
writing  of 


the  tangential  procedure,,  again  enables 
the  integrals  <23)  and  (24)  as  a  finite 
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the  re¬ 
sum: 
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about,  a  lower 
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nner.  the  charge  distribution  q,  (h  ),  in  the 

f  o 

^  0  of  the  radiator  axis,  aliould  be  concentrated 
cliarge  concentration  point.,  r  *  0;  h  ^  -  c  , 
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Hour  +>i3  rod  it*  to?  axis .  r  '  0,  the  fc 
found  s 


y*  c  /■  1 

lViT6a  V  (■>  .  c 


1 owing  approx  iiau t  ion  is 


(?8) 


One  obtains  f.  u-utlofacteTy  ij is  bribut  ■  on  function  q.p, (h  )  if 
one  oubtra;t.n  correct; *.-.n  tarui  froo  tho  constant  charge  diatri- 
but  ion  q  .  ‘f  :••  ;  correction  teru  in  v  <"•!>■  (.loral  to  t)ie  po« 
tent  la]  0.,  v/i.  1b  i •••,-rco>n--ite«<  by  =  ^S,*  end  at  the  'jam"  tine 
Is  also  proper  Inal  tr  the  diutc.net!  h  from  the  ground  plane » 

In  this  manner  equat  on  •  29 1  is  derived 


c> 


1 

h  t-  c: 


(29) 


..9  can  be  ■.  .■a  Iron  c.,\  .1  ion  I2?> ,  0  ,  qpprvt  ehes  0  as  u  goes 
to  >t>>  ’."hereS'cxs .  q^(h,  mus  t  opp.-oaci.  th..  v'alue  q  asymptotical] 

as  h  inorear-fei.  ’a,,  •  u  'pi.eJf  lod  by  «  *>  5  f  r.;i  rough  the  handicap  a 
a  aperture  ang  ie  The  optical  »nluf,  for  the  constant- 

d  can  only  be  flutoro.i  o-J  hy  trial  .no  error.. 

The  Integral  •  ■,)  in  ia  iv-  're  Jr  closed  form  for  q^(h  )  by  using 
the  equation  (  Ml)  «nc-  •  n»:  «  b tains: 


30 


■te* 

o* 

If 


''*0 


+ 

O' 

^*4 

"s 


5 

t- 

> 
'•W  , 

N! 


i 


» 

O' 


M 


> 

I 

O- 

v_ 

N» 


-  31  * 


IIc2,2  The  Charge  Distribution  Function  q^(he) 

If  one  retains  for  q^ (hQ)  (ae  in  paragraph  llp1)the  originally 
calculated  charge  distribution  fox  the  finite  radiator  shape 
in  its  unchanged  form  and  combines  it  with  a  line  charge 
qjthj.)  accord  ing  to  (2'j)  of  the  proper  choice  s  then  one  actually 
obtains  an  oquipctentlal  line 

•"  CO  -h  cf)  «  Z./Q 


i-f-t- ft ^ 


Which  runs  out  quickly  enough  in  re;; Ion  P.  of  Pig. 18  into  the 
prescribed  extension  cone  of  1°  aperture  uncle*  However,  since 
the  effect  of  f,0  upon  the  line  charge  ia  al0°  noticeable 

in  region  A  of  Pig. 18,  the  potential  line 


%(k) 

fy-T’So 


(similar  to  the  line  of  equal  potential  In  Pig„3?)  atill  has 
the  disadvantage  that  it  peela  off  too  scon  from  the  contor  of 
the  finite  radiator „  This  disadvantage  nan  be  eliminated  if  the 
char2>-  distribution  q,(h0)  can  be  changed  in  such  a  way,  that 
the  corresponding  potential  0,  upon  the  radiator  surface  does 
not  have  the  form 

%&») 


& 


.  ■=  2-j  0 

*  */T£o 


but  takes  on  a  new  form  according  to 

<£ 


Z  o  3tShd  ~  Sz 


whereby  tho  additional  influence  ° ?  the  line  charge  qjC^) 

in  part  A  of  Pig. 18  is  just  compensated  for- 


TMb  changed  .line  charge  (hQ)  can  be  calculated  in  accordance 
with  the  described  iter§,t^an  prooeedure  of  r-o  u  paragraph  42 
with  an  electronic  digital  computer.  One  must  only  assume  the 
the  desired  form  of  the  potential  line 


i,o  -?»  fyd 

'  U'irBc 
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In  region  A  of  Big  1$  and  calculate  the  potential  oi  the 
already  known  line  cherge  q.>  ( hQ )  In  IF  points  of  th?  described 
curv8  according  to  equation  (30)c.  Then  the  charge  ciaributlon 
in  the  Individual  iteration  a fce ;>a  is  changed  turil  the 
corresponding  potential  ^  has  obtained  th^  value 


<£.  -  lg  3tSbL 

A  7  '  tyTSa 


with  considerable  accuracy  in  these  W  points* 


he suit 

Both  charge  distributions  q,,(h  )  and  q„(h(  '«  for  the  fit  ohm  t  nh> 
rieal  radiator  having  an  infinite  extension  core  of  '' l’  aper¬ 
ture  angle,  are  shown  in  .■’eg., 33.  The  fcilowing  values  are  to  :e 
used  for  the  constants  in  equation  (29) 

9.  =  v-  •  %  (o'> 

c  ~  o, 

d.  -1,3011  %(o) 


33 


j 


0 

3 


The  potent ial  line 


ZfQ 


0.7%*) 


la  also  diawn  In  Fig,>33»  Th^e  potential  line  does  not  show  a 
noteworthy  deviation  from  the  desired  Bhape 


The  other  potentials  0  a  0,  +  0^  a  constant  can  also  be  easily 
oal/oulated  from  the  charge  jlatribution  q1  (hQ)  +  with 

an  electronic  digital  computer-  Although  the  contract  No 
Af  61  (051)“4i  has  terminated  on  31 -Jane,  1961,  we  have  planned 
to  continue s  on  our  own,  and  solve  the  Maxwell  equations  for 
the  new  and  better  coord inn 1 e  system  for  the  60  ohra  spherical 
radiator  in  order  to  be  able  to  explain  the  complete  impe¬ 
dance  and  radiation  behavior  in  a  theoretical  manner .> 
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